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SYSTEM, METHOD AND COMPUTING 
DEVICE FOR DETECTING DUPLICATE 

FINANCIAL DOCUMENTS 

FIELD OF THE INVENTION 

The present invention relates generally to document pro 
cessing, and more particularly to the detection of duplicate 
processing of ?nancial documents. 

BACKGROUND OF THE INVENTION 

Financial fraud is a problem. People have devised creative 
Ways of defrauding ?nancial institutions including altering 
?nancial document data. People have also been knoWn to 
create counterfeit copies of ?nancial documents (and in par 
ticular ?nancial instruments) and to pass those counterfeit 
copies through the ?nancial system. For example, fraudsters 
have been knoWn to alter checks to change the amount or the 
name of the payee; fraudsters have also have also been knoWn 
to duplicate checks and attempt to cash the duplicates. 

To combat fraud, ?nancial institutions may keep records of 
?nancial documents that have already been processed. For 
example, electronic images of cashed checks are captured and 
archived. HoWever, in NorthAmerica alone, billions of ?nan 
cial documents may pass through the ?nancial system each 
year. Thus, e?iciently searching through the billions of ?nan 
cial documents for duplicate documents poses a signi?cant 
problem. 

At the same time, accidental duplicate processing of docu 
ments may occur as a result of error or oversight, for example, 
on the part of a bank or ?nancial clearing centre. For example, 
a transaction may be passed tWice through the banking/clear 
ing system. Although detectable and correctable, such errors 
tend to become apparent after funds have been transferred, 
making their correction time consuming, labour intensive, 
and ultimately costly. 

Accordingly, there remains a need for methods and sys 
tems for quickly, and in real time, detecting processing of 
duplicate documents, particularly ?nancial ones. 

SUMMARY OF THE INVENTION 

In accordance With the present invention, a graphics pro 
cessing subsystem (or similar processor) is used to search 
entries representing processed ?nancial documents, in real 
time, as such documents are processed to assess Whether or 
not any particular document has previously been processed. 

Conveniently, graphics processing subsystems may e?i 
ciently search and maintain search entries representing mil 
lions or even billions of ?nancial documents. 

In a ?rst aspect of the present invention, there is provided a 
method of managing ?nancial document data comprising: 
maintaining at least a subset of a collection of hash values in 
a memory of a computer graphics processing subsystem, 
Wherein the memory is partitioned into a plurality of blocks, 
Wherein the plurality of blocks is searchable by the graphics 
processing subsystem in parallel, and Wherein each of the 
hash values is representative of a feature or features of a 
?nancial document; generating a hash value for a given ?nan 
cial document, the hash value representative of the feature or 
the features of the given ?nancial document; executing graph 
ics processing subsystem executable instructions on the 
graphics processing subsystem, the instructions directing the 
graphics processing subsystem to search at least a subset of 
the plurality of blocks concurrently for a hash value matching 
the hash value representative of the given ?nancial document; 
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2 
and returning an indicator indicating Whether a matching 
hash value Was found in the memory of said graphics pro 
cessing subsystem. 

In a second aspect of the present invention, there is pro 
vided a system for ?nancial documents, comprising a dupli 
cate document detection subsystem and a capture subsystem 
in communication With the duplicate document detection sys 
tem. The duplicate document detection subsystem comprises 
a ?rst computing device. The ?rst computing device com 
prises at least one graphics processing subsystem. Each of the 
graphics processing subsystems comprises: a memory stor 
ing a plurality of hash values, the memory partitioned into a 
plurality of memory blocks; and a programmable graphics 
processing unit operable to search the plurality of memory 
blocks in parallel and return an indicator if a value matching 
an input hash value is found in any of the plurality of memory 
blocks. The capture subsystem comprises a capture device for 
capturing one or more features of the ?nancial document. The 
capture subsystem also comprises a second computing 
device. The second computing device comprises a processor 
operable to generate at least one hash value from the one or 
more features of the ?nancial document and pass the at least 
one hash value to the duplicate document detection sub 
system as an input hash value. 

In a third aspect of the present invention, there is provided 
a computing device for detecting duplicate documents. The 
computing device comprises at least one graphics processing 
subsystem and a processor. Each of the graphics processing 
subsystems comprises a memory storing a plurality of hash 
values, each of the hash values representative of a feature or 
features of a document, the memory partitioned into a plural 
ity of memory blocks; and a programmable graphics process 
ing unit operable to search the plurality of memory blocks in 
parallel and return an indicator if a value matching an input 
hash value is found in any of the plurality of memory blocks. 
The processor is operable to instruct the at least one graphics 
processing subsystem to search at least a subset of the plural 
ity of memory blocks concurrently for the input hash value. 

Other aspects and features of the present invention Will 
become apparent to those of ordinary skill in the art upon 
revieW of the folloWing description of speci?c embodiments 
of the invention in conjunction With the accompanying ?g 
ures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the ?gures Which illustrate by Way of example only, 
embodiments of the present invention, 

FIG. 1 illustrates an example ?nancial document, a check, 
processed by the check processing system of FIG. 2 and by 
the duplicate document detection system of FIG. 3; 

FIG. 2 is a block diagram of an exemplary check process 
ing system Which includes, as a component, the duplicate 
document detection system of FIG. 3; 

FIG. 3 is a block diagram of a device hosting a duplicate 
document detection system, exemplary of an embodiment of 
the present invention; 

FIG. 4 is a block diagram depicting the CPU, contents of 
system memory, and components of the graphics subsystem 
ofthe device of FIG. 3; 

FIG. 5 is a schematic diagram depicting components of the 
exemplary check processing system of FIG. 2, Which includes 
the duplicate document detection system of FIG. 3; 

FIG. 6 is a How diagram depicting the steps of initialiZing 
the GPU to be used by the duplicate document detection 
system of FIG. 3; 
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FIG. 7 is a How diagram depicting an overview of the 
functions performed by a duplicate document detection 
(DDD) software application of FIG. 5; 

FIG. 8 is a How diagram depicting operation of the capture 
application of FIG. 5; 

FIGS. 9A and 9B illustrate exemplary representations of 
?nancial document data in the system of FIG. 3; 

FIG. 10 is a block diagram illustrating an exemplary 
method of partitioning GPU memory on a GPU of FIG. 5; 

FIG. 11 is a How diagram depicting an insert operation of 
the DDD softWare application of FIG. 5; 

FIG. 12 is a How diagram depicting operation of a search 
operation of the DDD application of FIG. 5; and 

FIGS. 13A and 13B are How diagrams illustrating embodi 
ments of a search function executed by the GPU of FIG. 5. 

DETAILED DESCRIPTION 

FIG. 1 illustrates an exemplary ?nancial document, a check 
100, Which is commonly used as a method of payment in 
commerce. Printed on check 100 may be the name and 

address of the payor 106 (“Mr. John Smith, 123 ABC Way, 
Toronto, Canada, AlB 2C3”), the name of the payee 104 
(“ABC Enterprises”), the courtesy amount 108 ($15,000), 
and a series of numbers 102 encoded in magnetic ink at the 
bottom of the check, knoWn as Magnetic Ink Character Rec 
ognition (MICR) data. 

Check 100 is typically given as a form of payment to a 
payee. Thereafter, the payee (or a holder in due course) may 
submit the check to a ?nancial institution for payment. After 
submission of the check to the institution funds are trans 
ferred betWeen the payor bank and the payee’s bank, and 
payment is settled. Financial processing of the check betWeen 
submission and settlement is referred to as clearing. 
Check 100 may be processed by exemplary system 200 

(FIG. 2) as part of this check clearing. System 200 may be 
operated by or on behalf of one or more ?nancial institutions. 
In particular, it may be desired to capture and store images of 
checks that have already been processed for a multitude of 
reasons including record-keeping. 

System 200 also serves as a convenient locale for detecting 
possible fraud. For example, fraudsters could attempt to 
deposit the same check tWice, for example, by making mul 
tiple copies of a check and depositing each of the copies, 
possibly altering one or more ?elds (eg the payee 104 or 
courtesy amount 108 ?elds) during the process. In this regard, 
a method and system that detects attempts to process a check 
or other ?nancial document more than once or Where an 

attempt is being made to process an altered ?nancial docu 
ment (e.g. check 100) at or in conjunction With system 200 
may be highly desirable. Moreover, apart from fraud detec 
tion, such method and system may be used to catch opera 
tional errors Where a ?nancial document may be accidentally 
run through system 200 more than once. 
As illustrated in FIG. 2, system 200 may include a capture 

subsystem 208 into Which check 100 (or other ?nancial docu 
ments) may be input, duplicate document detection (DDD) 
system 300 Which is exemplary of an embodiment of the 
present invention, and ?nancial document archive 210. Cap 
ture subsystem 208 may output a digital representation or 
representations of check 100 Which representation(s) is/are 
then input to DDD system 300. The representation(s) of 
check 100 may subsequently be persistently stored in ?nan 
cial document archive 210. 

Exemplary capture subsystem 208 may be designed to 
digitally capture data from checks. Speci?cally, capture sub 
system 208 may include a check scanner 202, a MICR reader 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
204 and a capture softWare application 206. Check scanner 
202 may be a standalone check scanner such as those manu 

factured by NCR, Unisys, Cannon or IBM (e.g. Unisys My 
Vision X, Panini MyVision, Canon CR-25,55, or CR-l80). 
Similarly, MICR reader 204 may be a standalone MICR 
reader. Alternatively, and as is more typical, check scanner 
202 and MICR reader 204 may be components of a high 
speed check processing transport or a high-speed document 
processor such as the NCR iTRAN 8000, Unisys DP1800, 
IBM 3890 or the like. In this case, check scanner 202 may be 
a high speed digital scanner that captures images of the front 
and back of check 100, and MICR reader 204 may read the 
magnetic ink data 102 (“MICR line” 102) at the bottom of 
check 100. Optionally, certain ?elds on check 100, such as 
MICR line 102 or courtesy amount 108, may undergo optical 
character recognition (“OCR’ed”). Capture application 206 
may be hosted on a conventional computing device to Which 
check scanner 202 and MICR reader 204 may be directly 
connected. Alternatively, images of checks captured by scan 
ner 202 and MICR line data 102 read by MICR reader 204 
may be sent to the computing device hosting capture appli 
cation 206, and thus check scanner 202 and MICR reader 204 
may not be directly connected to the computing device host 
ing capture application 206. The function of capture applica 
tion 206 Will be further described beloW. It may, hoWever, be 
appreciated that capture subsystem 208 may be designed in 
other Ways to capture ?nancial documents other than checks. 

Financial document archive 210, Which may persistently 
store data representing ?nancial documents processed by sys 
tem 200, may be a computing device hosting a database 
engine and in communication With persistent storage 
memory, in the form of magnetic, optical or other memory 
suitable for the storage of large volumes of ?nancial data (eg 
images). Exemplary archive 210 may, for example, take the 
form of an RS600 computing device, hosting a DB2 database. 
Conveniently, exemplary archive 210 may store images of 
?nancial documents processed by system 200 along With 
ancillary data associated With each image such as MICR data, 
date processed, and source of image (eg the name of the 
?nancial institution from Which the image Was sent or the 
location Where the ?nancial document Was scanned). 
An exemplary DDD system 300, exemplary of an embodi 

ment of the present invention, is depicted in FIG. 3. In par 
ticular, DDD system 300 may be hosted on computing device 
312. Computing device 312 may be a conventional comput 
ing device including, for example, a CPU 308, a netWork 
interface 320, one or more optional user input devices 310 
(eg keyboard, mouse), one or more persistent data storage 
devices 306 and system memory 304 hosting an operating 
system such as Linux, WindoWs XP, Vista, Unix, MacOS or 
the like. 

Computing device 312 includes a graphics subsystem 302 
and may optionally include a second graphics subsystem 350. 
Graphics subsystem 302 may be a graphics processor With a 
graphics processing unit 328. As may be appreciated by those 
of ordinary skill, graphics processing unit 328 may be a 
dedicated graphics rendering device designed to manipulate 
and display graphics on display device 324. Notably, GPU 
328 may be a GPGPU such as the Nvidia Tesla graphics card 
that is compatible With Nvidia’s CUDA (“Compute Uni?ed 
Device Architecture”) technology. Second graphics sub 
system 350 may include a conventional graphics processing 
unit 340 connected to display interface 326 Which in turn may 
be interconnected to optional display device 324. Display 
device 324 may be a conventional computer monitor. To this 
end, display interface may be a conventional DVI interface, 
RAMDAD, or the like. Both graphics subsystem 302 and 350 
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may communicate With other components of computing 
device 312 such as CPU 308 and system memory 304 by Way 
of bus 322. Bus 322 may be a high speed system interface or 
a high speed peripheral interconnect bus, such as the PCI, 
PCI-express, or the like. 

Conveniently, the high degree of parallel processing on 
GPUs (developed specially for parallel computation-inten 
sive graphics rendering) also makes them conducive for use 
as general-purpose processors. Used in this manner, calcula 
tions and algorithms, traditionally designed to execute only 
on a CPU, may be executed on a GPU. Speci?cally, calcula 
tions and algorithms may be designed to be more ef?cient by 
coding them in a multi-threaded manner to take advantage of 
multi-threaded execution on a GPU. Moreover, multiple sec 
tions of code may be Written so that they are executable in 
parallel on a GPU. As a result, the overall execution time of a 
program (i.e. calculation or algorithm) may be reduced. See, 
eg GPGP U: General Purpose Computation on Graphics 
Hardware, SI GGRAPH 2004, the contents of Which are incor 
porated herein by reference. 

In the past, in order to use the GPU as a general purpose 
processor, software programmers may have abused shader 
functions (eg vertex shaders and pixel shaders) of the GPU. 
Shader programs Were Written in languages such as Assem 
bly, Cg, GLSL and HLSL, (“shader languages”); conse 
quently, programmers Were required to Write code even for 
general purpose calculations in a shader language. Addition 
ally, programmers Were required to manipulate both data and 
algorithms such that the data could be input in a format 
understandable by a shader program to produce a desired 
output (eg a desired transformation/ calculation on the input 
data). These di?iculties limited the extent to Which GPUs 
could be used for general purpose programming. 

HoWever, GPUs today have moved toWards general pur 
pose computing. In particular, such GPUs, knoWn as GPG 
PUs, may be more ?exibly programmed. Examples of GPG 
PUs include Nvidia’s Tesla processor, Intel’s Larrabee 
processor, andAMD-ATI’s CTM (“close to metal”) initiative. 

FIG. 4 is a block diagram depicting the relationships 
betWeen CPU 308, the contents of system memory 304, GPU 
328 and GPU memory 412. Speci?cally, system memory 304 
may contain DDD softWare application 402, and operating 
system 408. Operating system 408 may, for example, be the 
aforementioned Linux, WindoWs XP, Vista, Unix, MacOS, or 
the like. CPU 308 executes operating system 408 and DDD 
application 402, exemplary of embodiments of the present 
invention. DDD application 402 may interface With GPU 328 
through GPU application programming interface (API) 406. 
In turn, GPU API 406 may interface With GPU driver 410 via 
operating system 408 to control loW level operation of GPU 
328. 
GPU API 406 may be, for example, the CUDA (Compute 

Uni?ed DeviceArchitecture) API for Nvidia’s GPUs.As may 
be appreciated by a person of ordinary skill, the CUDA API is 
an extension of the C programming language that alloWs 
softWare programmers to Write programs for execution by a 
GPU. Moreover, using the CUDA API, a programmer may in 
a given body of code specify blocks of code that are to be 
executed by the CPU, e. g. CPU 328, (i.e. code that compiles 
into instructions executable on the CPU) and blocks of code 
that are to be executed on the GPU, e. g. GPU 328, (i.e. code 
that compiles into instructions executable on the GPU). More 
information regarding CUDA may be found in the Nvidia 
C UDA Compute Unified Device Architecture. Programming 
Guide, Version 1.0, the contents of Which are incorporated 
herein by reference. 
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6 
Moreover, GPU 328 may interface With GPU memory 412. 

GPU memory 412 may be GPU accessible memory, Which 
may be accessed by instructions (including executing 
threads) executing on GPU 328. GPU memory 412 may be 
memory on the GPU processor or may be memory intercon 
nected With GPU 328 for relatively fast access. GPU memory 
412 may for example be interconnected to GPU 328 by Way 
of a local memory bus, separate from the memory bus of CPU 
308. GPU memory 412, may for example be DDRAM form 
ing part of a graphics subsystem formed on a peripheral 
interface card. In any event, GPU memory 412 may be 
memory local to GPU 328. DDD application data 404 may be 
stored in GPU memory 412. 
GPU memory 412 may also contain softWare for execution 

by GPU 328ireferred to as kernel 414. As may be knoWn to 
those of ordinary skill in the GPGPU art, a portion of an 
application that is executed many times, but independently on 
different data, may be isolated into a function. The function 
may be executed on GPU 328 by a plurality of different 
threads. The function may be compiled into the GPU 328 
instruction set (so that it may execute natively on GPU 328), 
and the resulting program, knoWn as the “kemel”, may be 
doWnloaded to GPU 328. As Will be further explained beloW, 
program execution may be distributed betWeen GPU 328 and 
CPU 308 to increase the overall ef?ciency of the program. 

FIG. 5 is a schematic diagram depicting components of 
system 200 including DDD system 300, namely, capture 
application 206, DDD application 402, and GPU 328. 
Optionally, DDD system 300 may include additional GPUs 
328-2, 328-3, . . . , 328-n. Notably, DDD system 300 may be 

implemented With a single GPU or With multiple GPUs. 
Operation of DDD system 300 Will be described in the con 
text of a single GPU system. HoWever, as appropriate, expla 
nations of DDD system 300 as a multiple GPU system Will be 
provided. 

Beginning With capture application 206 (FIG. 2), a repre 
sentation of check 100 may be captured by one or both of 
scanner 202 (i.e. an image representation) and MICR reader 
204 (eg a string representation of MICR line 102) to form 
?nancial document data 502. Financial document data 502 
may then be input into a hash function 504 to form ?nancial 
document hash value 506. 
As may be appreciated by those of ordinary skill, different 

hash functions exist. The choice of a hash function dictates 
the likelihood that tWo different inputs may produce the same 
hash value (i.e. the likelihood of producing a false collision). 
It may be appreciated that depending upon the technical 
application, a suitable hash function 504 may be chosen to 
output a desired expected number of unique hash values. In 
this particular technical application, a hash function that out 
puts a very small number of collisions may be employed so as 
to provide a large set of uniquely identi?able ?nancial docu 
ments. To further clarify, if tWo representations of tWo differ 
ent ?nancial documents Were to hash to the same hash value 

(i.e. collide), the tWo ?nancial documents Would no longer 
each be uniquely identi?able by its hash value. HoWever, if 
the tWo representations hash to different hash values, then the 
?nancial documents may be uniquely identi?ed by hash 
value. For this reason, it is helpful if hash function 504 pro 
duces as many unique hash values as is practicable. For 
example, a hash value may be computed based on, for 
example, the MD5 or Haval hash functions. 
The ?nancial document data 502 (or a portion thereof 

should be consistently ascertainable for any particular ?nan 
cial document. In this Way, a hash value of this document data 
502 Would be unique and reproducible for any particular 
document. For example, MICR data on a check (including the 
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check serial number, routing transit number, account number, 
and other transaction-speci?c data (eg courtesy amount)) is 
unique, and may be unambiguously and consistently read: no 
tWo cheques include the exact same MICR data; yet each read 
of the MICR data Will result in the same data being read. 

In the depicted embodiment, as illustrated in FIGS. 9A and 
9B, document data 502 alloWs calculation of tWo hash values: 
MICR hash value 506a and image hash value 5061). As Will be 
further explained beloW, image hash value 5061) may be gen 
erated from the image data itself. It may, hoWever, be appre 
ciated that only one of hash values 506a and 5061) need be 
generated; that is, check 100 may be represented by a single 
hash value (e. g. MICR hash value 506a). For the remainder of 
this document, hash values 506a and 5061) may be individu 
ally and collectively referred to as hash value(s) 506. As 
noted, the hash value, hoWever, should be easily reproducible 
from a given document. In an exemplary embodiment of the 
present invention, tWo hash values are kept for reasons that 
Will be further explained beloW. 
As noted, DDD system 300 may be a component of a check 

processing system 200 utiliZed by, for example, a check clear 
inghouse or a ?nancial institution. In overvieW, When a neW 
?nancial document (eg a check 100) is received by the 
clearinghouse, the check 100 may be input into capture sub 
system 208. Check 100 may be scanned and its MICR line 
102 read. An image hash value may be produced from the 
image of check 100, and an MICR hash value may be pro 
duced from the MICR line of check 100. It may be appreci 
ated that each of the hash values is representative of a feature 
of check 100 (i.e. image, and MICR line). Image data may be 
provided in a conventional image format, such as a TIFF ?le; 
an image bitmap; a jpeg ?le, or the like. Alternatively, an 
image hash could be calculated upstream as the document 
image is being converted into a suitable image format. Both 
hash values may then be input into DDD system 300, Which 
may in turn return an indication of Whether one or both of the 
hash values have previously been stored. The signi?cance of 
one or both of the hash values being previously stored Will be 
further explained beloW. 

Speci?cally, once generated by capture application 206, 
hash value 506a and/or hash value 5061) may next be input to 
DDD application 402. DDD application 402 may direct GPU 
328 to search for hash value 50611 or hash value 5061) (col 
lectively 506) (more typically hash value 506a) in hash table 
520. As Will be further detailed beloW, hash table 520 may 
contain a collection of hash values, each representative of an 
already processed ?nancial document. If hash value 506 is 
found in hash table 520, this may signify that the ?nancial 
document represented by the hash value 506 (i.e. check 100) 
has previously been processed by system 200. This may be an 
indicator of fraud, or error. Conversely, if hash value 506 is 
not found in hash table 520, this may indicate that check 100 
has not previously been processed by system 200. In particu 
lar, search result 516, output by DDD application 402, may 
indicate Whether hash value 506 Was found in hash table 520. 
Hash value 506 may also then be added to hash table 520 to 
signify that check 100 has been processed by system 200. 

Conveniently, hash table 520 may be held in GPU memory 
412 (FIG. 4) thus alloWing quick searching of a large number 
of hash values (i.e. in hash table 520). To this end, hash table 
520 may continuously be held in GPU memory 412 (i.e. DDD 
system 300 may be “up and running” at all times). Thus, 
conveniently, as a neW ?nancial document enters system 200 
for processing, duplicate document detection may occur in 
real time. For contingency purposes, hoWever, hash table 520 
may be periodically Written out to disk (e.g. persistent data 
storage device(s) 306). 
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As Will become apparent, in the presence of multiple 

GPUs, hash table 520 may be distributed across the GPU 
memories of the multiple GPUs. That is, each individual GPU 
may host in its memory a subset of the collection of hash 
values making up hash table 520. Each of the multiple GPUs 
may search the subset of hash values of hash table 520 in its 
local GPU memory 412 (i.e. its subset of the collection of 
hash values) for the presence of the hash value 506 of a 
document being processed. As Well, the hash value 506 may 
be added to local memory of one of the multiple GPUs to 
indicate that the ?nancial document from Which hash value 
506 Was generated has been processed. 

To alloW searching for hash value 506, kernel 414 (FIG. 4) 
may also include a search function 516, Which is executed by 
GPU 328 to effect the search of hash table 520 for a given hash 
value 506a. Kernel 414 may also include a sort function 518, 
Which is executed by GPU 328 to sort the hash values or a 
subset of hash values in hash table 520. Conveniently, 
because search function 516 and sort function 518 form part 
of kernel 414, multiple execution instances of search function 
516 and sort function 518 may be executed in parallel on 
different sets of hash values (held in hash table 520 in GPU 
memory 412) by threads executing concurrently on a single 
GPU 328, as detailed above. 
At the outset, GPU 328 may be initialiZed for use by DDD 

system 300 as detailed in FIG. 6. Speci?cally, ?oW diagram 
S6000 depicts initialiZation. S6000 may be performed, for 
example by CPU 308 executing DDD application 402. Spe 
ci?cally, in S6002, kernel 414 may be compiled and doWn 
loaded to GPU 328 (S6002). Memory space to hold hash table 
520 may also be allocated in GPU memory 412 in S6004. 

In an exemplary embodiment implemented using the 
CUDA API, code for search function 51 6 and for sort function 
518 (“kemel 414 code”) may be speci?ed in S6002 by encap 
sulating the code in a “_global_” function. An example func 
tion declaration for search function 516 may be “_global_ 
void Search( . . . )”, and the body of the function may contain 
code for searching a block of GPU memory 412. An example 
function declaration for sort function 518 may be “_global_ 
void Sort( . . . )”, and the body of the function may contain 
code for sorting the values contained in a block of GPU 
memory 412. 

Kernel 414 may be compiled to GPU 328 for execution on 
GPU 328, using, for example, the nvcc (Nvidia C) compiler. 
Memory space may be allocated in GPU memory 412 for 
hash table 520 by eg calling the “cudaMalloc( )” function 
Which allocates a user-speci?ed number of bytes of linear 
memory on GPU 328 (S6004). 

FloW diagram S7000 (FIG. 7) provides a high-level over 
vieW of the operation of DDD application 402 executing on 
CPU 308. As previously described in conjunction With FIG. 
2, DDD application 402 may receive an input hash value (eg 
hash value 506) (S7002). DDD application 402 may direct 
GPU 328 to search in hash table 520 (S7002) for hash value 
506. In the presence of multiple GPUs, DDD application may 
direct multiple GPUs to concurrently search for hash value 
506 (S7004). DDD application 402 may then return an indi 
cation (eg to display device 324 or to a calling application) 
ofWhether the input hash value Was found (search result 51 6) 
(S7006). 
DDD application 402 may further direct GPU 328 to add 

the input hash value 506 (and possible ancillary data) to hash 
table 520 (S7008). In the presence of multiple GPUs, DDD 
application may direct a single GPU (typically selected 
round-robin) to add hash value 506 to its local GPU memory 
412. DDD application 402 may continue to execute as long as 
it continues to receive input hash values (S7010). 
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FloW diagram S8000 (FIG. 8) depicts operation of capture 
application 206 (FIG. 2) in the context of operation of system 
200 to form ?nancial document hash value 506 from a cur 
rently processed ?nancial documentisuch as check 100. 
Operation of capture application 206 is also described in 
conjunction With FIGS. 9A and 9B. 
More speci?cally, capture application 206 may receive 

image data and MICR data of check 100 from scanner 202 
and MICR reader 204, respectively (S8002). Capture appli 
cation 206 may also receive or get an associated timestamp of 
image and MICR capture at scanner 202 and MICR reader 
204 (S8004). 

Capture application 206 may then generate an image hash 
value (506b, FIG. 9B) from the image data by inputting image 
data (or a subset of the image data) into a hash function (eg 
hash function 504). Conveniently, the full byte array of the 
image ?le may be input into hash function 504. Other meth 
ods of generating a hash value from an image may be knoWn 
to those of ordinary skill. For example, some methods are 
discussed in US Application 2007/0239756 Al. One such 
method may include generating a feature vector for the image 
and inputting the feature vector into a hash function. The 
feature vector may be based on, e. g. a color histogram of the 
image. 

Capture application 206 may also generate a MICR hash 
value (506a, FIG. 9A) from the MICR data by eg inputting 
the numbers on MICR line 102 into the hash function 504. As 
noted, that MICR line 102 Will be unique for each check as it 
is formed from, among other things, the payor’s account 
number and the payor’s bank number. Next, a timestamp (914 
and 916) may be generated from the time of image and MICR 
capture received or obtained at step S8004 (S8010). The 
image hash value (506a) and timestamp (914) may be con 
catenated (i.e. joined) (S8012) and similarly the MICR hash 
value (5061)) and timestamp (916) may be concatenated 
(S8014) (FIGS. 9A and 9B). Of course, the generation of a 
timestamp and the concatenation of the timestamp to MICR 
hash value 506a and image hash value 5061) is optional, but 
may be useful for reasons to be explained beloW. 

Conveniently, hash values 506a and 5061) may each be 
represented in memory (e.g. system memory 304 or GPU 
memory 412) as a 64 bit hash value. Consequently, for rea 
sons that Will also be further explained beloW, image hash 
value 506a may be divided into MICR hash value high por 
tion 902 (the most signi?cant 32 bits) and MICR hash value 
loW portion (the least signi?cant 32 bits). Similarly, image 
hash value 5061) may be treated as image hash value high 
portion 908 and image hash value loW portion 910. Times 
tamp 914 and 916 may be a 32 bit value. 

NoW, in order to take advantage of the parallel execution 
capabilities of GPU 328, GPU memory 412 may be logically 
partitioned into a plurality of memory blocks 1, . . . , m, as 

depicted in FIG. 10. As Will become apparent, use of multiple 
partitions alloWs distribution of hash values across the parti 
tions; sorting Within each partition; and concurrent searching 
of multiple partitions. 

Insertion of a neW hash value and ancillary data (eg hash 
value 506 for in-process documents, and timestamp(s) 914/ 
918) by DDD application 402 and kernel 412 to hash table 
520 is explained in conjunction with How diagram S1100 
(FIG. 11). Initially, hash value 506 may reside in system 
memory 304. In the single GPU embodiment, the hash value 
to be added may be copied to GPU memory 412 from system 
memory 304 (or Wherever else the hash value may be stored) 
(S1104). Conveniently, the CUDAAPI provides functions for 
copying a value from system memory 304 to GPU memory 
412 (eg cudaMemcpy( )). 
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In the depicted embodiment, memory 412 storing the col 

lection of hash values contained in hash table 520 is ?lled 
block by block. So, for example, neW hash values may be 
added to a memory block (e.g. Block 1, FIG. 10) until that 
memory block ?lls up, at Which time, a subsequent neW hash 
value may be added to the next memory block (e. g. Block 2). 
Speci?cally, With each neW hash value to be added to the 
collection of hash values (i.e. hash table 520), the current 
memory block may be determined (S1106). Next, a determi 
nation is made Whether the current memory block is full 
(S1108). If not, the neW hash value may be added to the 
current memory block (S1112), e. g. after the last-added hash 
value. If the memory block is full, then the next memory block 
may be marked as the current memory block (S1110). If the 
current memory block has been previously used (and is there 
fore full), as determined in S1114, the hash values in the 
current memory block may be cleared in S1116 by, for 
example, overWriting all memory locations in the current 
memory block With O’s. The neW hash value may then be 
copied to the current memory block (eg at the beginning) 
(S1112). If the ?rst cleared block ?lls, the subsequent second 
block may be cleared, and so on. In this Way, the n-blocks of 
GPU memory 412 maintain a rolling WindoW in time of hash 
values 506. Conveniently, a pointer may be kept to the current 
insert location for hash table 520. 
Once the neW hash value has been added to a particular 

memory block of GPU memory 412, and hence added to the 
collection of hash values stored in hash table 520, DDD 
application 402 may optionally instruct GPU 328 to sort the 
hash values stored in that particular memory block (S1118). 
Algorithms for sorting values stored in a memory may be 
knoWn to those of ordinary skill. As the bitonic sort algorithm 
is effective in a parallel execution environment, it may be 
especially selected for the present purpose. While it is not 
necessary that hash values Within a given memory block (e.g. 
blocks 1, . . . , m) be sorted, maintaining sorted hash values 

Within each memory block may increase the ef?ciency of the 
search operation of DDD application 402, as detailed beloW. 
In some instances, hoWever, depending on the characteristics 
of the collection of hash values (e. g. the statistical distribution 
of the hash values), a mixture of sorted and non-sorted hash 
values may in reality provide better performance than a fully 
sorted collection of hash values, or a fully non-sorted collec 
tion of hash values. 

In the depicted embodiment, hash values are sorted in 
ascending order based on their high parts (eg portion 902 of 
MICR hash value 506a, and portion 908 of image hash value 
506b, FIG. 9B). In the event system 300 includes multiple 
GPUs 328, DDD softWare 402 may ?rst select one of the 
multiple GPUs (S1102) to Which a neW hash value is to be 
added. Thereafter, the neW hash value is added at that GPU, to 
the next non-full memory block as described above. 
As shouldnoW be appreciated, hash table 520 Will be stored 

in memory blocks 1 . . . m of the one or more GPUs. Hash table 

520 contains a collection of hash values, each representative 
of one or more features of an already processed ?nancial 
document (i.e. its MICR data or image data). In the single 
GPU embodiment, each memory block of the GPU Will store 
a subset of hash table 520. Within each block, hash values 506 
(and ancillary data, in the form of timestamps) are stored in 
sorted order based on the high parts of the hash values. In the 
multiple GPU embodiment, each hash table 520 of each GPU 
maintains in its hash table a subset of the collection of hash 
values representative of already processed ?nancial docu 
ments. 

NoW, for each neWly received hash value 506, DDD appli 
cation 402 also checks table 520 to determine Whether or not 










